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Abstract 
This study examined the frequency of query reformulation types 
in task-driven experiment, and how it is related to task type and 
individual differences among users. Our results indicated that 
Specialization and Word Substitution were the two most frequent 
query reformulation types. In addition, the type of search task had 
a significant effect on the type of query reformulation. 
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1. INTRODUCTION AND RESEARCH 
QUESTIONS 
When people are searching information online, they often have 
difficulties in choosing correct words to represent their 
information problems [2] and, typically, they have to modify or 
reformulate their previous queries to find useful information and 
accomplish their information goals. Previous studies on query 
logs in some major search engines have proposed classifications 
of reformulation types ([8]; [10]) and how users’ click-through 
behaviors varied by different types of reformulation ([7]). But the 
method of using query logs cannot provide the information goals 
behind the queries; without such context, the reason why people 
are using specific types of query reformulation remains unknown.  
In prior work, researchers have examined some contextual factors 
on query strategies. For example, Hsieh-Yee [6] found the 
influence of both search experience and subject knowledge on the 
search tactics; Aula [1] suggested that the levels of experience in 
using Web search engines and computers all made a difference in 
query formulation behaviors. Wildemuth [12] showed the effects 
of domain knowledge on search tactic formulation.  
Ford, Miller & Moss [3] found the relationships between search 
strategies and some individual differences (e.g. 
cognitive/demographic individual differences, study approaches, 
and perceptions/approaches). In addition, their results also 
indicated that the changes of search strategies were seemingly in 
response to the increasing task difficulty. 
In the current study, we will examine the usage of reformulation 
types when users are searching for some pre-designed search 
tasks, which can provide us their context information. The 
research questions for this study are: 
1) What query reformulation types are frequently used by 
searchers? 
2) Whether and how does the frequency of each query 
reformulation type vary among different search tasks? 
3) Whether and how does the frequency of each query 
reformulation type vary between people characterized by different 
cognitive abilities? 
In order to examine these research questions, we first constructed 
a taxonomy of query reformulation strategies adopted by users; 
and then identified the types of query reformulation during the 
process of their searching for search tasks. In this study, the 
frequency of each reformulation type is the dependent variable, 
and the task features and individual cognitive ability levels are 
independent variables. 
2. METHOD 
We conducted a task-driven, web-based information search 
experiment. Participants were asked to conduct 6 search tasks of 
different type and structure on the English Wikipedia. Each study 
session was one and a half to two hours long, and user interaction 
with computer was logged. 48 participants (17 females and 31 
males) participated in this study, and their average age was 27 
years. 
Tasks 
We used 12 search tasks in this study. Eight tasks out of the 12 
were created by Toms et al. [10] for INEX 2007 [9] and 4 simple 
search tasks were created by us. During each study session, 
participant performed 6 tasks of differing type and structure 
(Table 1). For each task, participant was able to choose between 
two tasks of the same type and structure but on different topics.  
Among all 12 search tasks, two types of search tasks were 
identified: Fact Finding (FF) and Information Gathering (IG). The 
goal of a fact finding task is to find one or more specific pieces of 
information (e.g., name of a person or an organization, product 
information, a numerical value; a date). The goal of an 
information gathering task is to collect several pieces of 
information about a given topic.  
The tasks were also divided into three categories that depended on 
the structure of the underlying information need: Simple (S), 
where the information need is satisfied by a single piece of 
information; Hierarchical (H), where the information need is 
satisfied by finding multiple characteristics of a single concept; 
Parallel (P), where the information need is satisfied by finding 
multiple concepts that exist at the same level in a conceptual 
hierarchy ([10]). By definition, there were five possible 
combinations of task types and structures: FF-S, FF-H, FF-P, IG-
H, and IG-P. In addition, three levels of objective difficulty were 
assigned to these tasks, as shown in Table 1. We also asked 
participants to evaluate the difficulty of each task after they 
finished searching (level: easy, med, difficulty), which was 
subjective difficulty.  
Table 1. Variable facet values for the search tasks 
Task 
id 
Task  
Type 
Task 
Structure 
Combined 
Task 
Type 
Objective 
Difficulty 
Subjective 
Difficulty 
 
1 
2 
3 
4 
Simple (S) FF-S Easy 
5 
6 
Hierarchical 
(H) 
FF-H 
7 
8 
FF 
(Fact 
Finding) 
Parallel (P) FF-P 
Medium 
9 
10 
Hierarchical 
(H) 
IG-H 
11 
12 
IG 
(Information 
Gathering) Parallel (P) IG-P 
Difficult 
Easy 
Med 
Difficult 
(self-rating 
by users) 
Cognitive ability levels 
Participants were tested for selected cognitive abilities. The tested 
abilities included operation span (a measure of working memory 
performance [4]. Their working memory abilities were split at 
median into two levels according to their scores: low (<60) and 
high (>=60). 
3. RESULTS AND DISCUSSION 
There were 48 participants in this experiment, and each of them 
searched for 6 search tasks, thus we have 288 searches in total. 
Among these 288 searches, participants issued only one query in 
98 searches, which contained no query reformulations. The focus 
of the current paper is query reformulation in search sessions 
(N=190) that contained at least two queries, and how the 
frequency of individual reformulation types are related to task 
type, and users’ cognitive styles.  
The taxonomy of reformulation types 
We constructed our own taxonomy by combining the types of 
query reformulation identified in prior work (e.g. [5], [7], [8], 
[10]) and based on users’ queries in our study.  
Table 2. A taxonomy of reformulation types 
• Generalization (G) 
Qi and Qi+1 contain at least one term in common; Qi+1 contains fewer 
terms than Qi, and all terms in Qi+1 are shown in Qi. 
• Generalization with Reformulation (GR) 
Qi and Qi+1 contain at least one term in common; Qi+1 contains fewer 
terms than Qi, and Qi+1 also contains some terms that were not shown in 
Qi. 
• Specialization (S) 
Qi and Qi+1 contain at least one term in common; Qi+1 contains more 
terms than Qi, and also contains all terms in Qi. 
 
• Specialization with Reformulation (SR) 
Qi and Qi+1 contain at least one term in common; Qi+1 contains more 
terms than Qi, and also contains some terms that were not shown in Qi. 
• Word Substitution (WR) 
Qi and Qi+1 contain at least one term in common; Qi+1 has the same 
length with Qi, but contains some terms that are not in Qi. 
• Repeat 
Qi and Qi+1 contain exactly the same terms, but the format of these 
terms may be different 
• Synonymous Reformulation (R2) 
Qi and Qi+1 do not contain any common terms, but contains some 
synonymous terms. 
• New (N) 
Qi and Qi+1 do not contain any common terms or synonymous terms. 
 
*Qi+1 is the following query next to the query Qi in the same session. 
We mainly considered the differences in the number of terms 
contained in two successive queries, as well as word substitutions. 
We found that these were the two most frequent reformulation 
types. In addition, we only considered the content change and we 
did not distinguish the format change. For example, if the user 
only changed the word order in a successive query, we classified 
it as the “Repeat” type. We also identified a new type of 
reformulation, which we believe had not been detected by other 
researchers – the “synonymous reformulation”. The new type was 
identified by matching the terms in two queries according to 
WordNet. 
Overall frequency of each reformulation type 
Among the 190 search sessions, there were 495 reformulations in 
total. The overall frequency of each reformulation type is listed in 
Table 3.  
Table 3. Overall frequency of each reformulation type  
Reformulation 
types 
Number of 
occurrence Frequency 
S 97 19.60% 
WR 96 19.39% 
G 75 15.15% 
N 62 12.53% 
SR 61 12.32% 
GR 58 11.72% 
R2 26 5.25% 
REPEAT 20 4.04% 
The above table shows that “Specialization” (S) was the most 
frequently used reformulation type, followed by “Word 
Substitution” (WR), and then by “Generalization” (G), “New” 
(N), “Specialization with reformulation” (SR), “Generalization 
with reformulation” (GR); while “Synonymous Reformulation” 
(R2) and “Repeat” were rarely used by users.  
Frequency of query reformulation types by task type 
To analyze the frequency of query reformulation types in different 
types of tasks, we first normalized the frequency of each 
reformulation type in each task session. For example, if there were 
5 reformulations in one session, and 3 of them were 
“Specialization” (S), then the relative frequency of S in this 
session was 0.6. Other frequencies were calculated in a similar 
way. Next we compared the mean frequency of each 
reformulation type between the different types of tasks.  
A set of non-parametric Mann-Whitney U tests were conducted to 
examine the effects of task type features on the frequency of each 
reformulation type, because the distributions of the examined 
variables was not normal (Table 4). 
Between “Fact Finding” and “Information Gathering” task types, 
“Synonymous Reformulation” (R2) was significantly different 
(p<.05). R2 was more frequently used in “Fact Finding” than in 
“Information Gathering”.  
Among “Simple”, “Hierarchical” and “Parallel” tasks, two 
reformulation types showed to be statistically significant: 
“Specialization” (S) (p<.05) and “Word Substitution” (WR) 
(p<.05). In particular, “Specialization” (S) was more frequently 
used in “Simple” search tasks than in the other two types of tasks, 
and S was also more frequently used in “Hierarchical” tasks than 
in “Parallel” tasks. “Word Substitution” (WR) was more 
frequently used in “Parallel” tasks than in “Simple” tasks.  
There was a significant effect of the task type on the frequency of 
“Specialization” (S) (p<.05), “Word Substitution” (WR) (p<.05) 
and “Synonymous Reformulation” (R2) (p<.05). In particular, S 
was more frequently used in FF-S and IG-H than in other tasks; 
WR was more frequently used in IG-P than in other tasks; R2 was 
more frequently used in FF-H than in other task types. 
There was a significant effect of the objective difficulty level on 
two reformulation types: “Word Substitution” (WR) (p<.05), 
“Synonymous Reformulation” (R2) (p<.05). WR was much less 
frequently used in Easy tasks than in more difficult tasks, while 
R2 was more frequently used in Medium tasks than in either Easy 
or Difficult tasks. 
There was a significant effect of the subjective difficulty levels on 
two reformulation types: “Generalization with Reformulation” 
(GR) (p<.05) and Repeat (p<.05). In particular, GR was more 
frequently used in Difficult tasks than less difficult tasks, while 
Repeat was more frequently used in Medium tasks than others. 
In general, “Specialization” (S) was more frequently used in 
Simple tasks than in Parallel tasks. “Word Substitution” (WR) 
was more frequently used in Parallel tasks, especially Information 
Gathering with Parallel structure tasks, and tasks with high 
objective difficulty. “Synonymous Reformulation” (R2) was more 
frequently used in Fact Finding tasks with Hierarchical structure.  
Frequency of query reformulation types by cognitive 
abilities 
All the participants were categorized into two groups: people with 
higher cognitive abilities, and people with lower cognitive 
abilities. We compared the frequency of each reformulation type 
between these two groups using the non-parametric Kruskal-
Wallis H test, but no statistical difference was found (Table 4).  
4. FUTURE WORK 
This study advances our understanding of how people reformulate 
queries when they conduct search tasks of different types. Our 
results suggested that the usage of some query reformulation types 
tended to vary between the features of task types, but did not vary 
between the searchers’ individual differences. These findings will 
benefit research in query expansion and personalized search. We 
will examine the relationship between reformulation types and 
usefulness judgments, and consider other features of tasks and 
individual differences in the future work. 
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Table 4.  Mean frequency of each reformulation type by task facets and cognitive abilities 
Reformulation 
types 
Task Type Task structure Combined Task Type Objective Difficulty 
Subjective 
Difficulty 
Cognitive 
Ability 
 FF IG S H P 
FF-
S 
FF-
H FF-P 
IG-
H 
IG-
P Easy Med Diff Easy Med Diff low high 
.21 .19 .31 .24 .12 .31 .19 .13 .26 .11 .31 .15 .19 .21 .18 .23 .19 .22 
S z = .85, 
p=.36 χ
2  = 10.10, p=.01 χ2 =12.25, p=.02 χ2  = 3.61, p=.16 χ2  = 1.72, p=.42 z
 = -.95, 
p=.34 
.19 .28 .09 .20 .33 .09 .25 .24 .17 .42 .09 .26 .28 .25 .22 .20 .23 .23 
WR z = 1.91, 
p=.17 χ
2  = 21.54, p<.01 χ2  = 24.21, p<.01 χ2  = 16.04, p<.01 χ2 = .37, p=.83 z = -25, p=.81 
.15 .09 .14 .12 .12 .14 .14 .16 .11 .07 .14 .16 .09 .12 .14 .13 .15 .10 
G z = 3.54, 
p=.06 χ
2   = .59, p=.74 χ2   = 5.75, p=.22 χ2   = 3.74, p=.16 χ2  = 3.13, p=.21 z
 = -.95, 
p=.34 
.14 .14 .11 .14 .16 .11 .14 .17 .13 .15 .11 .16 .14 .11 .14 .15 .15 .13 
N z = .52 
p=.47 χ
2  = 2.63, p=.27 χ2  = 4.06, p=.40 χ2   = 3.21, p=.20 χ2   = .42,  p=.81 z = .18 p=.86 
.13 .12 .20 .11 .09 .20 .06 .09 .14 .09 .20 .08 .12 .11 .14 .12 .10 .15 
SR z = .05, 
p=.82 χ
2  = 1.51, p=.47 χ2  = 6.58, p=.16 χ2  = .18, p=.91 χ2   = 4.87, p=.09 z
 = -1.58, 
p=.12 
.08 .11 .10 .11 .08 .10 .04 .08 .14 .08 .10 .07 .11 .09 .08 .13 .11 .08 
GR z = 1.42, 
p=.23 χ
2 = .28, p=.87 χ2  = 5.30, p=.489 χ2 = 1.63, p=.44 χ2  = 6.37, p=.04 z = .76, p=.44 
.07 .03 .04 .08 .04 .04 .16 .06 .04 .01 .04 .09 .03 .05 .05 .08 .06 .04 
R2 z = 4.28, 
p=.04 χ
2  = 2.11, p=.35 χ2  = 12.75, p=.01 χ2 = 11.22, p<.01 χ2  = .88, p=.64 z
 = -.22, 
p=.83 
.03 .04 .01 .02 .06 .01 .01 .05 .02 .06 .01 .04 .04 .03 .05 .01 .02 .04 
REPEAT z = .00, 
p=.99 χ
2  = 5.08, p=.08 χ2   = 6.21, p=.18 χ2  = 2.93, p=.23 χ2  = 7.41, p=.03 z
 = -.93, 
p=.35 
